Abstract. The analysis of the solar wind discontinues geometry on Earth's orbit based on measurements of Wind, ACE, STEREO A, and STEREO B is proposed. A case study of three discontinuities events basing on STEREO A, STEREO B, ACE and Wind measurements is presented. The different spacecraft normal direction dependence on the cross spacecraft distance has been analyzed. The estimated shock front curvature radius value have been found to be independent on spatial scale in the range of STEREO A and STEREO B observation (about 4000 R E ). The curvature radii of processed events were found to be of the order of thousand R E .
Introduction
The interplanetary discontinuities are strong disturbances of plasma parameters and magnetic field in the solar wind. The main source of solar wind discontinuities are a solar activity processes. Interplanetary shocks (IPS) are good example of solar wind discontinuities. Interplanetary shocks are divided on two types [Andreeova and Prech, 2007] . Shocks of first type are driven by solar transient.
The brightest examples of IPS are associated with interplanetary coronal mass ejections (ICME).
Other type of shocks is driven by the corotating interaction regions (CIR). IPS disturbs the Earth magnetosphere. They may compress dayside part of magnetosphere and modify magnetopause and tail currents -magnetic storm [Nishida, 1978] . IPS can propagate through magnetosheath into inner part of magnetosphere changing plasma parameters and exiting global magnetosphere oscillation [Andreeova and Prech, 2007] . Investigation of the interplanetary shocks is very significant for solarterrestrial studies and overall space weather.
IPS are observed near the Sun with coronagraph. ICME propagates from the Sun to Earth orbit during several days and their shape and physical characteristic can change in wide range. Thus forecasting of CME influence on the Earth is a complex task especially picture of solar corona from one point (Earth) and cannot see backward side of the Sun. IPS also can be fixed in direct spacecraft observations of the solar wind parameters changes.
The surface geometry and plasma parameters on the boundary of solar wind discontinuity during its propagation are still have not been completely studied. In current work the study of solar wind shocks geometry based on Wind, ACE, STEREO A and STEREO B spacecraft measurements on different spatial scale is proposed.
Data sources and analysis technique
To investigate wave and shocks propagation in the solar wind we used data from different spacecrafts. To estimate solar wind parameters we used the magnetic field data obtained by Advanced Composition Explorer (ACE) Magnetic Field Experiment (MFE) with 16 second resolution [Smith et al., 1998 ] and Wind magnetic field instrument (MFI) with 3 seconds resolution [Lepping et al., 1995] . The solar wind proton concentration and the plasma flow velocity were taken with 64 and 60 second from the Solar Wind Electron, Proton, and Alpha Monitor (SWEPAM) ACE [Gold et al., 1998 ] and the WIND 3-D Plasma and Energetic Particle Experiment [Lin et al., 1995] measurements respectively.
STEREO mission (NASA) was successfully launched in 2006. This mission includes two identical spacecrafts -Ahead (STEREO A) and Behind (STEREO B). STEREO A is closer to the Sun and pass ahead of the Earth. STEREO B is far from the Sun and stay behind of our planet. STEREO mission allows to get stereoscopic images of the Sun and processes in solar atmosphere and interplanetary space. Time resolution of magnetic field and plasma data used in our work was 1 minute [Luhmann et al., 2008] .
Minimum variance analysis of magnetic field (MVAB) [Sonnerup et al., 1967] was applied for estimating the normal vector to the IPS surface. This method uses the three components of the magnetic field data collected by satellite traversing the current-carrying layer or discontinuity to estimate the minimum variance direction of the magnetic field that is identified as the normal vector to the layer or discontinuity [Khrabrov et al., 1998 ].
IPS geometry analysis
The interplanetary magnetic field measurements during 2007 from different spacecraft were processed. The different types of the solar wind discontinuous were chosen for analysis of the geometry parameters of their surface. As a criterion for discontinuity fixing the IMF magnitude changing more then 10 nT per 1 minute. The plasma flow velocity and plasma density analysis shows the type of observed discontinuity. For example the increasing of all parameters was explained as fast shock wave criterion. As a result of preliminary data processing the list of the interplanetary shock (IPS) waves was composed. The relatively small number of fixed IPS during 2007 is explained by quite solar activity conditions.
The magnetic field magnitude, the proton concentration and the plasma flow velocity captured at 12:12 UT February 12, 2007 are shown in Fig. 1 . The strong increasing of the magnetic field magnitude with decreasing of proton concentration was observed. Simultaneously in the plasma flow velocity magnitude measurements any sharp changes were not fixed. We speculate that magnetic cloud bounder was observed. The magnetic field and plasma parameters measurements onboard ACE had the similar character.
Sharp changes in the IMF, in the plasma flow velocity and in the proton concentration measurements onboard Wind at 7:02 UT May 7, 2007 were detected. The data captured by ACE shows the same peculiarities shifted with time. The detected IPS can be explained as a leading edge of a magnetic cloud. The trailing edge of magnetic cloud was fixed at 10:30 UT. The trailing edge had the diffused boundary. The observed onboard spacecraft duration of the structure was about 3.5 hours. The decreasing of the plasma flow velocity with decreasing of the magnetic field magnitude and proton concentration is observed after the magnetic cloud trailing edge passing. Using MVAB technique normal vector directions to the discontinuity fronts were estimated. The normal vector directions to IPS, spacecraft coordinates are listed in the Table 1 . May 7, 2007 event was special. Shock was observed at first on Wind and ACE satellites and after on STEREO A which is situated closer to the Sun. The same peculiarities were detected on smaller spatial size (ACE and WIND measurements). ACE was closer to the Sun but Wind fixed perturbation passing earlier. The normal vector estimated from different apparatus had sufficiently different directions. This shows that interplanetary shock had difficult structure.
The dependence of differences of IPS normal vectors directions to spacecraft relative distance is shown in Fig. 4 (left) . May 7, 2007 events are shown with black and grey symbols and Feb 12, 2007 event is shown with white symbols. The linear dependence is estimated: the normal direction cross angle increase linearly with the cross distance increasing. It confirms the estimated constant shock front curvature radius on different spatial scale. The absolute value of curvature radiuses for processed events were estimated to be equal 2600±300 R E and 1200±600 R E (Fig.4, right) . Thus basing on obtained values it is possible to assume the geometry of IPS on the Earth orbit as planar for the magnetosphere processes. Fig. 4 . Dependence of differences in surface normal vectors directions (left) and radius of curvature of discontinuities (right) to spacecraft relative distance.
Conclusion
We have analyzed interplanetary discontinues observed with spacecrafts in the solar wind near of Earth's orbit. We created catalogue of interplanetary discontinuities for year 2007 using STEREO measurement. Mainly discontinuities were observed on both spacecraft. We presented a case study of three discontinuities events based on STEREO A, STEREO B, ACE and Wind measurements. We have analyzed the normal direction difference from different spacecraft from the cross spacecraft distance. The linear dependence was estimated: the normal direction cross angle increase linearly with the cross distance increasing. It confirms the estimated constant shock front curvature radius on different spatial scale. The curvature radiuses fro processed events were estimated to be equal to 2600±300 R E and 1200±600 R E for May 7, 2007 and for February 12, 2007 respectively. Thus basing on obtained values it is possible to assume the geometry of IPS on Earth's orbit as planar for the magnetosphere processes.
